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1) comparing the sequence of a donor immunoglobulin 
heavy chairi variable region against a collection of sequences of 
an heavy \chain variable regions; 

(25 selecting a human heavy chain variable region from 
the collection of human heavy chain variable regions to provide 
an acceptor heavy chain variable region, wherein the selected 
variable region framework is at least 65% identical to the donor 
immunoglobulin! heavy chain variable region framework; 

(3) synthesizing the DNA segment encoding the humanized 
heavy chain variable region, comprising CDRs from the donor 
immunoglobulin heavy chain variable region and a variable region 
framework from the selected acceptor heavy chain variable region; 

(4) introducing the DNA segment encoding the humanized 
immunoglobulin heavy chain variable region and the DNA segment 
encoding the humai^Lzed immunoglobulin light chain variable region 
into the cell. 

112. A method of producing ^/humanized immunoglobulin, 
the method comprising: 

providing a cell containing DNA segments encoding heavy 
and light chain variable regions of a humanized immunoglobulin 
having complementarity determining regions (CDRs) from a donor 
immunoglobulin and heavy and light chain variable region 
frameworks from human acceptor immunoglobulin heavy and light 
chain frameworks, which humanized immunoglobulin specifically 
binds to an antigen with an affinity constant of at least about 
10 8 M" 1 and no greater than about four-fold that of the donor 
immunoglobulin, wherein/ the sequence of the humanized 
immunoglobulin heavy cihain variable region framework is at least 
65% identical to the/ sequence of the donor immunoglobulin heavy 
chain variable region framework and comprises at least 70 amino 
acid residues identical to those in the acceptor human 
immunoglobulin lieavy chain variable region framework; and 

expressing the DNA segments in the cell to produce the 
humanized immunoglobulin. 
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113. A method of producing a humanized/immunoglobulin, 
the method comprising: 

providing a cell containing DNA segments encoding heavy 

/ 

and light chain variable regions of a humanized immunoglobulin 
having complementarity determining regions/ (CDRs) from a donor 
immunoglobulin and heavy and light chain/variable region 
frameworks from acceptor immunoglobulin heavy and light chains, 
which humanized immunoglobulin specifically binds to an antigen 
with an affinity constant of at least about 10 8 M" 1 and no 
greater than about four-fold that^of the donor immunoglobulin, 
wherein said humanized immunoglobulin comprises amino acids from 
the donor immunoglobulin heavy chain framework outside the Kabat 
and Chothia CDRs that replace the corresponding amino acids in 
the acceptor immunoglobulin heavy chain framework, and each of 
these said donor amino/acids: 

(I) is adjacent/to a CDR in the donor immunoglobulin 
sequence , or / 

(II) is capable of interacting with the CDRs, or 

(III) is typical at its position for human immunoglobulin 
sequences, and/the replaced amino acid is rare at its position for 
human immunoglobulin sequences; 

^expressing the DNA segments in the cell to produce the 
humanized immunoglobulin. 
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L4. A method of producing a humanized immunoglobulin, 
'the method comprising: 

providing a cell containing DNA segments encoding heavy and 
light chain variable regions of a humanized immunoglobulin having 
complementarity determining regions (CDRs) from a donor 
immunoglobulin and heavy and light chain variable region 
frameworks from acceptor immunoglobulin heavy and light chains, 
which humanized immunoglobulin specifically binds to an antigen 
with an affinity Constant of 10 8 M" 1 to 10 10 M" 1 , wherein said 
humanized immunoglobulin comprises amino acids from the donor 
immunoglobulin framework outside the Kabat CDRs that replace the 
corresponding amino acids in the acceptor immunoglobulin heavy or 
light chain frameworks, and each of these said donor amino acids: 
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(I) is adjacent to a CDR in the donor immunoglobulin 
sequence, V>r 

(II) contains an atom within a distance of 6 A of a CDR in 
said humanized immunoglobulin; 

expressing the DNA segments in the cell to produce the 
immunoglobulin . 

1151 A method of producing a pharmaceutical 
composition, domprising 

formulating a humanized immunoglobulin with a carrier to 
form a pharmaceutical composition, wherein the humanized antibody 
was produced by\ 

(1) comparing the sequence of a donor immunoglobulin 
heavy chain variable region against a collection of sequences of 
human heavy chain variable regions; 

(2) selecting a human heavy chain variable region from 
-€he/collection of \human heavy chain variable regions to provide 
a/ acceptor heavy chain variable region, wherein the selected 
'variable region framework is at least 65% identical to the donor 
immunoglobulin heavy chain variable region framework; 

(3) synthesizing a DNA segment encoding a humanized 
heavy chain variable region, comprising CDRs from the donor 
immunoglobulin heav^ chain variable region and a variable region 
framework from the selected acceptor heavy chain variable region; 

(4) introducing the DNA segment encoding the humanized 
immunoglobulin heavy Ichain variable region and a DNA segment 
encoding a humanized immunoglobulin heavy chain variable region 
into a cell; and \ 

(5) expressing the DNA segments in the cell to produce 
the humanized immunoglobulin. 

116. A method of producing a pharmaceutical 
composition, comprising!: 

formulating the humanized immunoglobulin with a carrier to 
form a pharmaceutical composition, wherein 

the humanized immunoglobulin was produced by a cell 
containing DNA segments Encoding heavy and light chain variable 
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regions of la humanized immunoglobulin having complementarity 
determining! regions (CDRs) from a donor immunoglobulin and heavy 
and light chain variable region frameworks from human acceptor 
immunoglobuiin heavy and light chain frameworks, which humanized 
iitonunoglobuluLn specifically binds to an antigen with an affinity 
constant of at least about 10 8 M" 1 and no greater than about 
four-fold that of the donor immunoglobulin, wherein the sequence 
of the humanized immunoglobulin heavy chain variable region 
framework is at least 65% identical to the sequence of the donor 
immunoglobulin heavy chain variable region framework and 
comprises at l\east 70 amino acid residues identical to those in 
the acceptor h^iman immunoglobulin heavy chain variable region 
framework. 

^ 00 ^ 117. \a method of producing a pharmaceutical 

-^composition, comprising: 
^ / formulating \a humanized immunoglobulin with a carrier to 

^ form a pharmaceutical composition, wherein the humanized antibody 
has complementarity determining regions (CDRs) from a donor 
immunoglobulin and\ heavy and light chain variable region 
frameworks from acceptor immunoglobulin heavy and light chains, 
which humanized immunoglobulin specifically binds to an antigen 
with an affinity constant of at least about 10 8 M" 1 and no 
greater than about flour-fold that of the donor immunoglobulin, 
wherein said humanized immunoglobulin comprises amino acids from 
the donor immunoglobulin heavy chain framework outside the Rabat 
and Chothia CDRs that\ replace the corresponding amino acids in 
the acceptor immunoglobulin heavy chain framework, and each of 
these said donor amine* acids: 

(I) is adjacent t$ a CDR in the donor immunoglobulin 
sequence , or 

(II) is capable of \ interacting with the CDRs, or 

(III) is typical at\ its position for human immunoglobulin 
sequences, and the replaced amino acid is rare at its position 
for human immunoglobulin sequences. 



8. A method of producing a pharmaceutical 
comprising: 

formulating a humanized immunoglobulin with a carrier to 
^fd^m a pharmaceutical composition, 

the humanized antibody has complementarity 
regions (CDRs) from a donor immunoglobulin and heavy 
and light chiin variable region frameworks from acceptor 
, m heavy and light chains, which humanized 
.Ln specifically binds to an antigen with an affinity 
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)8 M -l 



to 10 



10 M -i 



wherein said humanized 



constant of 

immunoglobulin comprises amino acids from the donor 
immunoglobulin framework outside the Kabat CDRs that replace the 
corresponding! amino acids in the acceptor immunoglobulin heavy or 
light chain frameworks, and each of these said donor amino acids: 

(I) is adjacent to a CDR in the donor immunoglobulin 
sequence, or 

(II) contains an atom within a distance of 6 A of a CDR in 
said humanized! immunoglobulin. 

119. I A humanized immunoglobulin having complementarity 
determining regilons (CDRs) from a donor immunoglobulin and heavy 
and light chain! variable region frameworks from acceptor 
immunoglobulin heavy and light chains, which humanized 
immunoglobulin specifically binds to an antigen with an affinity 
constant of at least about 10 8 M" 1 and no greater than about 
four-fold that off the donor immunoglobulin, wherein said 
humanized immunoglobulin comprises amino acids from the donor 
immunoglobulin heavy chain framework outside the Kabat and 
Chothia CDRs that! replace the corresponding amino acids in the 
acceptor immunoglobulin heavy chain framework, and each of these 
said donor amino acids: 

(I) is adjacept to a CDR in the donor immunoglobulin 
sequence, or 

(II) is capable of interacting with the CDRs, or 

(III) is typical at its position for human immunoglobulin 
sequences, and the replaced amino acid is rare at its position 
for human immunoglobulin sequences. 
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120. A humanized immunoglobulin having complementarity 
determining regions (CDRs) from a donor immunoglobulin and heavy 
apd-^/ight phain variable region frameworks from acceptor 

) iiwRUnoglobmlin heavy and light chains, which humanized 

immunoglobulin specifically binds to an antigen with an affinity 
V if constant of \ about 10 8 M" 1 to 10 10 M" 1 , wherein said humanized 
immunoglobulin comprises amino acids from the donor 
immunoglobulin framework outside the Kabat and Chothia CDRs that 
replace the corresponding amino acids in the acceptor 
immunoglobulin heavy or light chain frameworks, and each of these 
said donor amino acids: 

(I) is adpacent to a CDR in the donor immunoglobulin 
sequence, or 

(II) is cateable of interacting with the CDRs, or 

(III) is typical at its position for human immunoglobulin 
sequences, and the replaced amino acid is rare at its position 
for human immunoglobulin sequences. 

121. A\ humanized immunoglobulin having complementarity 
determining regions (CDRs) from a donor immunoglobulin and heavy 
and light chain variable region frameworks from acceptor 
immunoglobulin heavy and light chains, which humanized 
immunoglobulin specifically binds to an antigen with an affinity 
constant of about 10 8 M" 1 to 10 10 M" 1 , wherein said humanized 
immunoglobulin comprises amino acids from the donor 
immunoglobulin framework outside the Kabat and Chothia CDRs that 
replace the corresponding amino acids in the acceptor 
immunoglobulin heavy or light chain frameworks, and each of these 
said donor amino acidsv 

(I) is adjacent tdj a CDR in the donor immunoglobulin 
sequence , or 

(II) contains an atom within a distance of 6 A of a CDR in 
said humanized immunoglobulin. 



122. A humanized immunoglobulin having complementarity 
determining regions (CDRs)\ from a donor immunoglobulin and heavy 
and light chain variable region frameworks from acceptor 
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immunoglobu 
replace the 



immunoglobulin heavy and light chains, which humanized 
immunoglobulin specifically binds to an antigen with an affinity 
constant oi 

that of the donor immunoglobulin, wherein said humanized 
immunoglobulin comprises amino acids from the donor 

i|Lin heavy chain framework outside the Kabat CDRs that 
corresponding amino acids in the acceptor 
immunoglobulin heavy chain framework, and each of these said 
donor amino lacids: 

(I) is adjacent to a CDR in the donor immunoglobulin 
sequence, or\ 

(II) is I capable of interacting with the CDRs, or 

(III) is typical at its position for human immunoglobulin 
sequences, and the replaced amino acid is rare at its position 
for human immunoglobulin sequences. 



1231 A humanized immunoglobulin having complementarity 
/determining regions (CDRs) from a donor immunoglobulin and heavy 
and light chain variable region frameworks from acceptor 
immunoglobulin! heavy and light chains, which humanized 
immunoglobulin! specif ically binds to an antigen with an affinity 
constant of 10^ M" 1 to 10 10 M" 1 , wherein said humanized 
immunoglobulin comprises amino acids from the donor 
immunoglobulin framework outside the Kabat CDRs that replace the 
corresponding amano acids in the acceptor immunoglobulin heavy or 
light chain frameworks, and each of these said donor amino acids: 

(I) is adjaqent to a CDR in the donor immunoglobulin 
sequence, or 

(II) contain^ an atom within a distance of 6 A of a CDR in 
said humanized immunoglobulin. 

124. A humanized immunoglobulin according to claim 
120, wherein said amino acids are from the donor immunoglobulin 
heavy chain framework. 
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125V A humanized immunoglobulin according to claim 
, wherein diaid amino acids are from the donor immunoglobulin 
heavy chain framework. 



126. \A humanized immunoglobulin according to claim 
123 , wherein saiVi amino acids are from the donor immunoglobulin 
heavy chain framework. 

1S7. A humanized immunoglobulin according to claim 
121, wherein\said atom is within a distance of 5 A of a CDR in 
said humanize^ immunoglobulin. 

128. \A humanized immunoglobulin according to claim 
123, wherein saicf atom is within a distance of 5 A of a CDR in 
said humanized iigmilaunoglobulin. 

129. K humanized immunoglobulin according to claim 
121, wherein said arom is within a distance of 4 A of a CDR in 
said humanized immunoglobulin. 

130. A humanized immunoglobulin according to claim 
123, wherein said atom is within a distance of 4 A of a CDR in 
said humanized immunoglobulin. 

A humanized immunoglobulin according to any one 
claims 12^, 123 or 127-130, further comprising an amino acid 
from the donoA immunoglobulin framework that replaces the 
corresponding amino acid in the acceptor immunoglobulin heavy or 
light chain frameworks, wherein said amino acid is typical at its 
position in human immunoglobulin sequences and said corresponding 
amino acid in the\ acceptor immunoglobulin is rare at its position 
in human immunoglobulin sequences. 

132. A humanized immunoglobulin according to any one 
of claims 119 to 130v which comprises at least 3 said amino acids 
from the donor immunoglobulin framework. 



